We claim: 



1 . An isolated nucleic acid molecule encoding a PNHX \ rBnsporter jQ^p^64er^Sfa 
fragment of a polypegtjdj^^ transporter activity and capable of increasing 
saiUoteraficein a cell. 

2. An isolated nucleic acid molecule encoding a THX transporter polypeptide, PNH) 
transporter polypeptide, or a fragment of a polypeptide having Na + /H + transporter 
activity and capable of increasing salt tolerance in a cell, comprising a nuclejp acid 
molecule selected from the group consisting of: 

(c) a nucleic acid molecule that hybridizes to all or part of a nucleic^cid molecule 
shown in [SEQ ID NO:1], [SEQ ID NO:3], [SEQ ID NO:17], [SEQ ID NO:19], or a 
complement thereof under moderate or high stringency hybridization conditions, 
wherein the nucleic acid molecule encodes a TNHX transporter polypeptide, a 
PNHX transporter polypeptide or a polypeptide havipg Na + /H + transporter activity 
and capable of increasing salt tolerance in a cell:, 

(d) a nucleic acid molecule degenerate with reject to (a), wherein the nucleic 

molecule encodes a TNHX transporter polypeptide, a PNHX transporter 
polypeptide or a polypeptide havbig Na7H + transporter activity and capable 

of increasing salt tolerance in^a cell. 

3. The nucleic acid molecule of claim 2f wherein the hybridization conditions comprise 
moderate or high stringency cojaraitions selected from conditions about those in Table 4. 

An isolated nucleic acid macule encoding a THX transporter polypeptide or a PNHX 
transporter polypeptide or a fragment of a polypeptide having Na + /H + transporter 
activity and capabl^of increasing salt tolerances in a cell, comprising a nucleic acid 
molecule selected from the group consisting of: 

(f) ttfe nucleic acid molecule of the coding strand shown in [SEQ ID NO:1], 
'[SEQ ID NO:3], [SEQ ID NO: 17], [SEQ ID NO: 19] or a complement thereof; 

(g) / a nucleic acid molecule encoding the same amino acid sequence as a 
nucleotide sequence of (a); and 
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(h) a nucleic acid molecule having at least 17% identity withthgjuiGleoTrde 
sequence of (a) and which encodes^a-XHX^TSnspoi^ polypeptide or the 
PNHX tran§porten7o^ or a polypeptide having Na7H + transporter 
activity. 

5. The nucleic acid molecule of any ofclaiB&s^^'to?, wherein the THX transporter 
polypeptide or the PNH^atlfporter polypeptide comprises an AtNHX transporter 
polypeptidgJ^Tng Na + /H + transporter activity and capable of increasing salt tolerance 
in^ten. 

— — i^6. The nucleic acid molecule of claim 1 , comprising all or part of a nucleotide sequent 
shown in [SEQ ID N0:1], [SEQ ID N0:3], [SEQ ID NO:17], [SEQ ID N0:19J^ra 
complement thereof. 

7. An AtNHX nucleic acid molecule isolated from Arabjie0sis thaliana, or a fragment 
thereof encoding a transporter polypepti^+rSving Na + /H + transporter activity and 
capable of increasing salt tolerape^Tn a cell. 

8. A recombinant nucl^fCacid molecule comprising a nucleic acid molecule of any of 
claims 1 to >^tnd a constitutive promoter sequence or an inducible promoter sequence, 
operafrrtfely linked so that the promoter enhances transcription of the nucleic acid 

Slecule in a host cell. 




pule of claim 6, wherein the molecule comprises genomic DNA, 




9. The nucleic 
cDNA or RNA 

^O^The nucleic acid molecule of claim 6, wherein the nucleic acid molecule is chemically 
synthesized. 



11. 



^12 



The\)ucleic acid molecule of claim 6, wherein the nucleic acid molecule is isolated from 

Arabiqopsis thaiiana. 

The nucleic acid molecule of any of claims 1 to 4, wherein the TNHX transporter^ 
polypeptide or the PNHX transporter polypeptide is caggble^f^xtruding monovalent 
cations out of the cytosol of a celljaj^fov^ with increased salt tolerance, 

wherein thejrjpjp&vzft^^ are selected from at least one of the group consisting 
jrf-^CSium, lithium and potassium. 




The nucleic acid molecule oL 



ie cell comprises a plant cell. 
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14. The\ucieic acid molecule of claim 13, wherein the monovalent cations are extruded 
into a \acuole or into the extracellular space. 

15. An isolated nucleic acid molecule comprising a nucleic acid molecule selected from the 
group consisting of 8 to 10 nucleotides of the nucleic acid molecule of claim 6, 11 to 25 
nucleotides of the nucleic acid molecule of claim 6 and 26 to 50 nucleotides of the 
nucleic acid molecule of claim 6. 

16. An isolated oligonucleotide comprising at least about 10 nucleotides from a sequence 
selected from the group consisting of 5'-GCCATGTTGGATTCTCTAGTGTCG-3 [SEQ 
ID NO:11], 5'- CCGAATTCTCAAAGCTTTTCTTCCACG-3' [SEQ ID NO:12] f 5'- 
CGGAATTCACAGAAAAACACAGTGAGGAT-3' [SEQ ID NO: 13], 5'- 
GCCATGTTGGATTCTCTAGTGTCG-3 [SEQ ID NO: 14], 5'- 
CCGAATTCTCAAAGCTTTTCTTCCACG-3' [SEQ ID NO:15] and 5'- 
CGGAATTCACAGAAAAACACAGTGAGGAT-3' [SEQ ID NO: 16]. 

A vector comprising tlMkucleic acid molecule of any of claims 1 to 4. 





|The vector of claim 17, comprising a promoter selected from the group consisting of a 
s^per promoter, a 35S promoter of cauliflower mosaic virus, a drought-inducible 
prdtooter, an ABA-inducible promoter, a heat shock-inducible promoter, a salt-inducible 
promoter, a copper-inducible promoter, a steroid-inducible promoter and a tissue- 
specifi^promoter. 

A host cell comprising the recombinant nucleic acid molecule of claim 8 or the vec 
jcl a i m 17, or prog c r 



20. 



21. 



The host cell of claim^f^p^ected from the group consisting of a fungal cell, a yeast 
cell, a bacterial cell, a midlcwganism cell and a plant celL 



A plant, a plant part, a seed, a plant cell or progeny thereof comprising the JS CombtrTgnT* 
TTDcieic acid molecule of claim 8 or the vector of claim 17. 



22. 



23. 



The plant part of claim 21 , comprising all or part of a leaf, a flower, a stem, a root or a 
tuber. 

The plant, plant part, seed or plant cell of claim 21, wherein the plant, planyaEtr^ee^or 
plant cell is^of^-sp^efes-sHtecied Trom tne group consisting of potato, tomato, brassica, 
on, sunflower, strawberries, spinach, lettuce, rice, soybean, corn, wheat, rye, barley, 
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dtr iptox; oorgum, alfa l fa, salieoi ' iiia "and the plant$17TTabte-5T 

24. The plant, plant part, seed or plant cell of claim 21, wherein the plant comprises a dicot 
plant. 

25. The plant, plant part, seed or plant cell of claim 21 , wherein the plant comprises a 
monocot plant. 

3» 26. A method for producing a recombinant host cell capable of expressing the i 

molecule Of any Of daimsjjn 4, \hv mMliml iii i pn trnHiirjnrjlntn the host Cell a 

aim 17. 

^ 27. A method of producing a geneticallytrans^^ which expresses TNHX or PNHX 

transporter polypeptide^o^pf^rngregenerating a genetically transformed plant from 
the plant cellj^ed^Sfplant part of claim 21. 

28. The method of claim 27, wherein the genome of the host cell also includes a fur 
TNHX or PNHX gene. 

29. The method of claiiu27rwll€rein the genome of the host cell does not include a 
functioDaFfTTHX or PNHX gene. 

30. A transgenic plant produced according to the method of claim 27. 




>31. A method for expressing a TNHX or PNHX transporter polypeptide in the I 

claim 19, or the plant, plant part, seedj)Lpi£^^ comprising 
culturingthejoost-eet^^ suitable for gene expression. 

_3^A method for producing a transgenic plant that expresses elevated levels of PNHX 
isporter polypeptide relative to a non-transgenic plant, comprising transforming a 
plant with the vector of claim 17. 

33. An isolated polypeptide encoded by and/or produced from the nucleic acid molecule of 

any of claims 1 to 4, or the vector of claim 17. 

34. An isolated PNHX transporter polypeptide or a fragment thereof having Na + /H + 
transporter activity and capable of increasing salt tolerance in a cell. 

35. The polypeptide of claim 34 comprising an AtNHX transporter polypeptide. 

36. The polypeptide of claim 35 comprising allW part of an amino acid sequence in [SEQ 
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ID N0:2], [SEQ ID N0:4], [SEQ 

37. A polypeptide fragment of the At 
mimetic of the AtNHX transporte 



DNO:18] or [SEQ ID NO:20]. 

MHX transporter polypeptide of claim 35, or a peptide 
polypeptide, having Na + /H + transporter activity and 



capable of increasing salt tolerance in a cell. 

irri 



38. The polypeptide fragment of clairrl 37, consisting of at least 20 amino acids, which 



fragment has Na + /H + transporter a 
cell. 



ctivity and is capable of increasing salt tolerance in a 



39. The fragment or peptide mimetic cf claim 36, which is capable of being bound by an 
antibody to the polypeptide of clain 6. 



40. The polypeptide of claim 34 which 

41. An isolated and purified transporte 
a TNHX transporter polypeptide or 
transporter polypeptide is encodec 



is recombinantly produced. 

r polypeptide comprising the amino acid sequence of 
a PNHX transporter polypeptide, wherein the 
by a nucleic acid molecule that hybridizes under 



moderate or stringent conditions tc a nucleic acid molecule in [SEQ ID NO:1], [SEQ ID 



NO:3], [SEQ IDNO:17], [SEQ ID 



NO: 19], a degenerate form thereof or a complement. 



42. A polypeptide comprising a sequence having greater than 28% sequence identity to the 
polypeptide of claim 36. 

43. The polypeptide of claim 35, wherein the polypeptide comprises a Na + /H + transporter 
polypeptide. 

44. The polypeptide of claim 43, isolated from Arabidopsis thaliana. 

45. An isolated nucleic acid molecule encoding the polypeptide of claims 34, 35 or 37. 

46. An antibody directed against the polypeptide of claim 36. 

47. The antibody of claim 46, comprising a monoclonal antibody or a polyclonal antibody. 

v 

48. An isolated nucleic acid molecule encoding a TNHX transporter polypeptide or a PNHX 
transporter polypeptide, or a fragment of a polypeptide having Na + /H + transporter 
activity and capable of increasing salt tolerance in a cell, comprising a nucleic acid 
molecule selected from the group consisting of: 



(a) a nucleic acid molecule that hybridizes to all or part of a nucleic molecule in 
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[SEQ ID N0:5], [SEQ ID NO:7], [SEQ ID N0:9] or to a nucleic acid molecule 
comprising about nucleotides 1-1487 of [SEQ ID NO:9], or a complement thereof 
under moderate or high stringency hybridization conditions, wherein the nucleic acid 
molecule encodes a TNHX transporter polypeptide, a PNHX transporter polypeptide 
or a polypeptide having Na + /H + transporter activity and capable of increasing salt 
tolerance in a cell; 

(b) a nucleic acid molecule degenerate with respect to (a), wherein the nucleic 
molecule encodes a TNHX polypeptide, a PNHX polypeptide or a polypeptide 
having Na + /H + transporter activity and capable of increasing salt tolerance in a cell. 

(c) the nucleic acid molecule of the coding strand shown in [SEQ ID NO:5], [SEQ ID 
NO:7], [SEQ ID NO:9], nucleotides 1-1487 of [SEQ ID NO:9], or an isolated nucleic 
acid molecule including about 1614 nucleic acids including [SEQ ID NO:5], [SEQ ID 
NO:7], nucleotides 1 to 1487 of the nucleic acid molecule in [SEQ ID NO:9] or the 
complement thereof; 

(d) a nucleic acid molecule encoding the same amino acid sequence as a nucleotide 
sequence of (c); and 

(e) a nucleic acid molecule having at least 17% sequence identity with the 
nucleotide sequence of (c) and which encodes a TNHX transporter polypeptide, a 
PNHX transporter polypeptide or a polypeptide having Na + /H + transporter activity 
and capable of increasing salt tolerance in a cell. 

49. A polypeptide produced from the nucleic acid molecule of claim 48. 

50. A polypeptide comprising (a)\he amino acid sequence in [SEQ ID NO:6], [SEQ ID 
NO:8], [SEQ ID NO:10]; (b) anLo acids 1 to 496 of [SEQ ID NO:10]; and (c) a 
sequence having greater than 28% homology to the polypeptide in (a) or (b). 

51. The polypeptide of claim 30 1 wherein the polypeptide comprises a Na + /H + transporter 
polypeptide capable of increasing salt tolerance in a cell. 

52. A DNA molecule encoding the polypeptide of claim 50. 

3. A method of producing a geneticallyVansformed plant which expresses or 
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overexpresses a TNHX transporter poly Deptide, a PNHX transporter polypeptide or a 



polypeptide having Na + /H + transporter a 
in a cell and wherein the plant has incre 



;tivity and capable of increasing salt tolerance 
sed salt tolerance, comprising: 



e) 



cloning or synthesizing a TNHX nucleic acid molecule, a PNHX nucleic acid 
molecule or a nucleic acid molecule which codes for a Na7H + transporter 
polypeptide, wherein the polypeptide is capable of providing salt tolerance to 

a plant; 



f) 



inserting the nucleic acid moleci 
molecule is operably linked to a 



e in a vector so that the nucleic acid 

promoter; 



g) inserting the vector into a plant coll or plant seed; 

h) regenerating the plant from the plbnt cell or plant seed, wherein salt 
tolerance in the plant is increasedlcompared to a wild type plant. 

54. A transgenic plant produced according to the method of claim 53. 
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